ABSTRACT
The molecular cytogenetic diagnostic technique of fluorescence in situ hybridization (FISH) is an important method for evaluating various cancers. [1] [2] [3] [4] [5] [6] Although FISH technology remains adequate, demand exists for additional recycling and long-term storage of FISH slides.
First, fluorescent signals quench upon observation and fade upon storage, representing a potential problem if medical decisions are based on the findings and the evidence has to be evaluated by multiple pathologists or revisited at a later date. 7 Even if some areas of fluorescence are photographed as a permanent record, this will represent only a small fraction of the slide, and later examination of the complete tissue will be compromised. 7 Second, at least in our hospital, the number of cases involving histopathologic consultation is increasing year by year. Usually only one or two slides are sent to our hospital from other locations. In such situations, it is very difficult to examine slides using multiple diagnostic methods such as immunohistochemistry (IHC), FISH, and micro-or macrodissection for molecular analysis.
Third, evaluation of a FISH slide on a cell-by-cell basis is sometimes needed. In these situations, FISH using even sequential slides is not adquate, and repeated staining of the same set of cells is mandatory.
Last, although technologies exist for sequential staining procedures for IHC-FISH or FISH-IHC, [8] [9] [10] [11] the platform must be changed for the evaluation of slides. These changes are sometimes acceptable but may not be on other occasions. "Working in the dark" also seems likely to be counterintuitive for surgical pathologists who perform most of their work in a bright field mode with conventional light microscopy. 7 We developed a method involving removal of probes by formamide treatment with proper heating and dry storage of slides at -80°C. 12 Our procedures for removing the probe and recycling technologies appear to solve the aforementioned problems. Only a few reports have described reprobing FISH using a single slide. [13] [14] [15] The present study describes in detail our procedures for removing probes and storing slides.
Materials and Methods

Slides
Multiple human epidermal growth factor receptor type 2 (HER2)-probed FISH slides derived from ten different breast cancer cases and one set of serial sections of formalinfixed paraffin-embedded (FFPE) specimens derived from one breast cancer case were used. This study was performed as a quality control program at the clinical laboratory of the National Cancer Center Hospital, Tokyo, Japan, and was approved by the institutional review board.
Reagents
The Vysis Paraffin Pretreatment Reagent Kit, PathVysion HER-2 DNA Probe Kit, and Vysis LSI EWSR1(22q12) DualColor Break Apart Rearrangement Probe (Abbott Molecular Inc., Des Plaines, IL) were used in this study.
Devices
A ThermoBrite temperature-controlled slide-processing system (Abbott Molecular) was used for incubation of slides. Image acquisition and processing were performed using a Metafer-MetaCyte microscope scanning system (Carl-Zeiss, Oberkochen, Germany, and MetaSystems, Boston, MA). Images were fully automatically captured. HER2-and/or CEP17-positive tiles and spots were counted. Based on these data, HER2/CEP17 spot ratios were automatically computed.
In addition, a BX63 motorized upright microscope (Olympus, Tokyo, Japan) with differential interference contrast (DIC) capability was used for the evaluation of sequential probings, tissue integrity, and preservation. DIC images were captured using a DP80 dual-color and monochrome digital camera (Olympus).
Removing Probes
Each slide was probed following the manufacturer's FISH protocol as an initial probing. Procedures for removing probes were then performed, such as removing the cover glass, fluorescent probe, and diamidino-2-phenylindole (DAPI) signals. Formamide was used for removing probes.
The standard procedures indicated in ❚Table 1❚ provided the most satisfactory results for removing probes after FISH procedures. To confirm the removal of the original probe, direct observations under microscopy were made immediately after the procedure.
Comparison of Probing
Evaluations were made using automatic signal count software for the Metafer system (MetaCyte, Metasystems). Tiles and spots were counted right after initial probing before removal of probes. Probes were then removed and slides were stored dry at room temperature (22°C), 4°C, -20°C, or -80°C for 101 days. Following storage, each slide was reprobed in accordance with the FISH protocol of the manufacturer (Abbott Molecular). Immediately after reprobing, the reprobed spots on each slide were then compared with the initial probing.
Evaluation of Sequential Probings, Tissue Integrity, and Preservation
Additional evaluation included sequential probings, such as a comparison of the original probe with different probes. The first combination was as follows: probe with HER2; removal of HER2 probe; dry storage at -80°C for 2 weeks; and reprobe with EWSR1. The second combination involved the same procedure using EWSR1 and HER2 probes, respectively. The third combination used HER2 each time.
Using the DIC microscope, tissue integrity and differences in tissue preservation were evaluated, comparing: (1) initial removal of probes and (2) before reprobing. A single slide was probed with HER2, the HER2 probe was removed, the slide was stored dry at -80°C for 2 weeks, and the slide was then reprobed with EWSR1.
Results
Comparison of Probing
❚Image 1❚ shows comparisons of probing among the various storage temperatures. As a control, signals were counted right after probing without removing probes. Otherwise, probes were removed immediately after probing. Slides were then stored dry at the designated temperature for 101 days. In comparisons of total HER2 spot ratio (tile × HER2 spots), slides stored in room temperature (22°C) showed a 99.5% decrease (16.2/3,042.0 = 0.5%) (Images 1A and 1B) ❚Table 2❚ and slides stored at 4°C showed a 91.5% decrease (306.0/3586.8 = 8.5%) (Images 1C and 1D; Table 2 ). Conversely, slides stored at -20°C showed a 12.8% decrease (2,830.8/3,246.6 = 87.2%) (Images 1E and ❚Image 1❚ Comparison of spots at various storage temperatures before and after removing probes. As a control, spots were counted immediately after initial probing without removing probes. Probes were then removed. Slides were stored dry at a designated temperature. Even with storage at room temperature (RT), slides showed some signals because of the dry storage, but slides stored dry at -20°C and -80°C for 101 days (G and H) showed the best recovery in probing. All images are shown at ×400 magnification. A, Immediately after probing; B, stored at RT (22°C) for 101 days; C, immediately after probing; D, stored at 4°C for 101 days.
A B C D E, immediately after probing; F, stored at -20°C for 101 days; G, immediately after probing; H, stored at -80°C for 101 days. RT, room temperature. a HER2/CEP17 ratio = (Mean HER2 spot/tile)/(Mean CEP17 spot/tile). Total HER2 spots = (No. of tiles) × (Mean HER2 spot/tile). Total HER2 spot ratio = (Total HER2 spots immediately after initial probing)/(Total HER2 spots after reprobing). b A to H correspond to panels shown in Image 1. 1F; Table 2 ) and slides stored at -80°C showed a 12.7% decrease (3,564.0/4,084.3 = 87.3%) (Images 1G and 1H; Table 2 ). Slides stored at -20°C and -80°C for 101 days showed the best recovery of probing in comparisons of total HER2 spots.
Evaluation of Sequential Probings
We evaluated the status of probes comparing same probes vs different probes. Use of the same probes (HER2, then HER2) showed highly reproducible results ❚Image 2A❚ and ❚Image 2B❚. Use of different probes (HER2, then EWSR1 ❚Image 2C❚ and ❚Image 2D❚ or EWSR1, then HER2 ❚Image 2E❚ and ❚Image 2F❚) showed no evidence of overlap between probes. All evaluations were performed on a cellby-cell basis.
Evaluation of Tissue Integrity and Preservation
No detrimental effects of recycling were seen on the same slide. Although tissue integrity was preserved, we must point out that, after reprobing, surfaces of the nuclei showed a slightly smooth appearance ❚Image 2H❚ compared with the appearance before reprobing ❚Image 2G❚.
❚Image 2❚ Evaluation of sequential probings, tissue integrity, and preservation. Panels A to F show comparison of probes. Panels G to H evaluate tissue integrity and tissue preservation using differential interference contrast technology. Panels A to F are shown at ×400 magnification and panels G to H at ×1,000 magnification. A, Slide probed with HER2; B, slide reprobed with EWSR1 after removal of HER2 probe and dry storage at -80°C for 2 weeks; C, slide probed with EWSR1; D, slide reprobed with HER2 after removal of EWSR1 probe and dry storage at -80°C for 2 weeks.
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Discussion
Basic Procedures
First, we set up a standard protocol for probe removal and dry storage of FISH slides. The detailed protocol for removing probes is summarized in Table 1 . Heslop-Harrison et al 16 reported reprobing of DNA:DNA in situ hybridization using 0.1% Tween 20 in 4× saline-sodium citrate (SSC) and 2× SSC with several washes. Further, they stored slides in antifade mountant in a refrigerator for up to 9 months. Most of the probe was reportedly removed with this procedure. FISH technology currently requires more precise gene localization of signals, thereby requiring procedures for not only removing probes but also reprobing with other probes. We thus need to use formamide for probe removal. Kitayama et al 13 described their procedure as stripping. With their protocol, the FISH signal was only erased by hydrochloric acid and not physically removed. Color-faded probes were thus still present on the spots. If these slides were to be used for reprobing purposes, presence of the first probe would interfere with expression of the second probe. The use of formamide for probe removal is thus very important because this particular reagent forces DNA on the slides into a single chain instead of double chains. Another feature of our procedure is that the slides are stored dry after probe removal, which is also important to avoid potential interactions between DNA signals on the slides and mountant.
E, slide probed with HER2; F, slide reprobed with HER2 after removal of HER2 probe and dry storage at -80°C for 2 weeks; G, slide probed with HER2; H, slide reprobed with EWSR1 after removal of HER2 probe and dry storage at -80°C for 2 weeks.
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